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Decoupling analysis and driving factor decomposition of industrial water consumption and economic development
in Tianjin based on Tapio and LMDI model//Dong Sigiong, Han Xu, Kang Jing, Bai Xue, Yuan Jie, Zhu Jinliang, Li
Jinzhong ( Tianjin Water Conservancy Research Institute)

Abstract: To explore decoupling state and driving factors between economic development and industrial water consumption
in Tianjin, this study adopts Tapio decoupling model to analyze spatial and industrial disparities in decoupling relationship
between industrial water consumption and economic growth across Tianjin from 2020 to 2023. Logarithmic mean divisia
index (LMDI) decomposition model is further applied to identify core driving factors governing changes in industrial water
consumption at both municipal and district levels of Tianjin. The results reveal a favorable decoupling relationship between
industrial water use and economic development in Tianjin. At the municipal level, Tianjin’ s gross domestic product
(GDP) maintained a strong decoupling status from industrial water consumption throughout 2020 to 2023, with decoupling
achieved across the primary, secondary and tertiary industries alike. Water resource efficiency per unit output acts as the
primary factor restraining decoupling for total industrial water consumption as well as water use in all three industries.
Technological effect serves as the major driver facilitating decoupling of total industrial water consumption and water use in
the primary and secondary industries, while the population scale effect dominates decoupling of total industrial water
consumption and water use in the tertiary industry. At district level, all districts realized decoupling between industrial
output value and industrial water consumption in 2023. Nevertheless, distinct disparities exist among districts in terms of
decoupling status between economic growth and water consumption for individual industries, as well as the driving factors of
water use in different sectors. Accordingly, Tianjin should formulate targeted and practical schemes for water conservation
and intensive utilization tailored to underperforming industries in specific districts, further optimize its industrial structure,
and advance high-quality economic development citywide.
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Table 2 Decoupling state between economic development and industrial water consumption at municipal level of Tianjin
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Fig.1 Decoupling state between economic development and water consumption in districts of Tianjin in 2023
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Table 3 Decomposition values and contribution rates of driving effects on industrial water consumption of

Tianjin from 2021 to 2023

o WSO Iyt /A m’ P &)
2021 & 2022 4 2023 4= 2021 4 2022 4 2023 4
AW, -3.307 -2.945 -3.301 -53.21 -49.53 -52.19
AWg 1.187 1.220 0. 652 19.10 20. 51 10. 31
Wl AW, 1.414 1.459 2.062 22.75 24.53 32.60
AW, -0.211 0. 149 -0. 148 -3.39 2.51 -2.34
AWy -0.096 -0.174 -0. 162 -1.55 -2.93 -2.56
AW, -0.433 -0.877 -0. 868 -30.01 -44.23 -41.09
AW, 0. 151 0.267 0.092 10.47 13.49 4.35
Horl AW, 0. 705 0. 686 1.002 48.89 34.61 47.43
AW, -0. 105 0.070 -0.072 -7.30 3.54 -3.41
AWy -0.048 -0. 082 -0.079 -3.33 -4.14 -3.72
AW, 0.045 -0.016 -0. 025 10. 66 -3.73 -4.83
AW, -0. 040 -0. 068 -0.024 -9.38 -16.19 -4.67
= AW, 0.278 0.274 0.410 65.68 65.55 78. 68
AW, -0. 041 0.028 -0.029 -9.80 6.70 -5.65
AWy -0.019 -0.033 -0.032 -4.48 -7.83 -6.17
AW, -3.695 —-3.838 -4.194 -46.71 -46.74 -47.07
AWg 1.298 1. 420 0.719 16. 41 17.29 8. 08
7 AW, 2.396 2.418 3.474 30.29 29.45 38.99
AW, -0.358 0.247 -0.249 -4.52 3.01 -2.80
AWy -0.163 -0.289 -0.273 -2.07 -3.52 -3.06




FHIK 8 2020 4EHG K -0. 25% , A 145 2020 4R34 K
-1.7%, /K ER KR E T AR,

SrrE A, 2021 4E 2022 4F 2023 A —
FH7K AR A B, 55 — = K 84
Hhn . AR RS 9K Bh R A Ak R 3 ARl K i
25 UK By PR 22 B S50 T ) SR — B, o 2023 4R
b ZE AR RN RS, K B PR AL S RN AR T A — L
P 7K S A 5 £ 2 20 =7l K 1S K AL
AR BN ARG YR AR 4 RN, e S, K W R 75
RN PR — = == 65 K A
FE R, STk E 55 32 60%, 47. 43% .
78. 68% ; T ARZKN. | 5 AR AN R T RRAS 5007 41 7]
TE— K E R IR BORRN 7k 25 4
VAN ) S R DN S BTN Ay O 1K T W a4
KA, B HE T 77l (5 FH K R 4, 3L
H RSN AR — A RN R | 5T
BRI R =52, 19% —~41. 09% , N T HRAE S0 2
HESS =\ R ) R R BTk -6. 17%

SRR, R 7= 7K a2 50 ) 17 100 2 A R
U, B R 2019 47 K HETT B A& St (R EE T T
KATEN SN Y , I B AL HESN T 7K AR, K5 k4
FeE R BRI R & RATKEA itk 57K
B3 Tk T KRR S4BT K B, 2023 4 R T

A R 7K A 0 R FCh 0. 723, K S
32. 7242 m* IR BCR AL T 2 E e #1751, NBK S
R MR LE TG, B K % R A5 35 30 7 S 1 A 4
TF R SR 7 K B i fee R R R F e mT
LT RS EUH K E BN K,

R SE BRI 3T R R R IR RS = =k
553 8 B 1) s O ), DR T e 0 — 2B i K B
FISRBE XN T 80, 51 3 mFEARAT L 7 AL T4 55 4%,
FER M T AE 7= 1 50T, R B — e B
e e A= AR AL | T N A AT I
JEATAK Y, HEsh 7 AL R E R TR S
BB A BN PR ARG A A KL & R )R
3.2.2 RBE®

Tl 2 (CEHE 2 45 DX 7=l 7K a2 45 0K 3 3R
Sy ) FE 3 BT, N ] IX 3 7K 2 3R sl a0 )
IR Bh F7 FEAFAE— 2 X5, AN ] 7=l FH 7K 2 1 3R sl sk
NAAEAEZE R
3.2.2.1 fiN6X

2023 FERHET N 6 X FH /K 7 %5 2020 4F [ I
0. 187 42 m® , H A B RSN 7= Mk 25 AU 15 7K 3L
T RN T RRASE A5 B4 00 4 T =l K i i 3
RIS 7 Ml = 5 K i 4 e 4, JH v B R 5
SEARTEBL A I B R | TTRCR K -37. 27% ; B 7K

T N6IX
10 KX 61X
’ i‘F 0.6 }EHHE
04
B IX WEE gix 02 I
AW
o— AW
B HHIX i1 i @ A%
d
AW,
—Y4
FHA[X RK o HRX
X BEHEHTIX SHEX BEHEHTIX
R R
(a) H—7 (b) =7k
i I6IX 61X
0.3 /zhm[z 1.0 /Zj_\m[g_
0.2 0.5
i X 01 PHHIX B X P 1%
[V -
2
HEEIX R it X R X
)
THX. JEhRX THX JLRIX
FHEIK R SHEK BRI
R X ERE  agx e
(e) H=" (d) Bk

B2 2023 FRETEXZWAKEZRNBNL S HFE

Fig.2 Decomposition values of various driving effects on industrial water consumption by district in Tianjin of 2023
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Fig.3 Contribution rates of various driving effects on industrial water consumption by district in Tianjin of 2023
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